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Summary 
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Novemher, IW. 

Pcriiidnl IIo|olvii»‘ ^etlimenlx :M Poll Pii'ie in il»e iioithciii S|>eiicor <rull ol South Au.sir;ili»i eoiiiniu several 
indie. ilors of sea-level ehanye over (he last 7,000 ye.iis OP. *l lie eh'valions ol prexenl .xuhiidah iMierhdiil .nid 
snprjtiiliil eiiviioniiiLMiis .uul corresponding sedimeni facies were .surveyed in order lo esIaSlish iri(ieal 
houndariex relaliva lo the iidal speeirLiiii. Idle suhiidal hnlilowo (acies uceiirs .it or hdow mean \o\^ wuler spring 
(Ml.VVS) tide: inierlidal saminak inaii^invc and samphire laeies occur ovlm- xpecilic mieivjiK heiween MOWS 
tide :nid meiiii hiyli watei spring (MIIWS) (ide. l-.ach laeies is clearly ideiUinahle in llie suhsui-race. with 
inlenidal satuKlal laeies parliculaily eharaclcrised hy in situ jirliciilated boalves \tntfH'/hi tytiutim .iiid 
sutiurinu or A. /fcnnut. A eomhiiialion of several palaeosea- level indiealors Irorn dillcreiil lidal liieien 
Ih'sI ilelines local sea-level eluinae over ihe inilleiiniril timescale. 

Kl V VVoKns: I loloecne sea level indicaior.s. tidal /otialinii. pio^radui^ coastal sci(iicncc, lacies homidaiics 



[ntrodiicllon 

ride-tlnminmod iousllines commonly ^»ener;ile 
proerading eoaslal sequences vvtilt excellent 
proservallon of inferliilal and shallow suhiidal 
sedimenUiiy faeies (Helperio c'l al. )0SX; de Boer c7 
nl. I OSS: Helcher r/ al. 1003). Such .sequences can 
iv\eal hi^li-rcsoltiiion i*ecoids of past scdimenlation 
often conitiining a variety <if palaeosea-level 
indiealors ( rcrwindi losst. A ihoronjih 
iinderslamline ol the rclalion.ship.s ol preseiil 
indiealors and sea level, or inundaOon level, is 
required if correct inlet pivlalions ofpusl relalive sea 
levels are h» ho .ichieved. With crilical appraisal of 
Ihe presenl-day vlislrihtilutn of inleilidal lacies. flv»ra 
ami hiiina. palaeosea level liislory from subsuilacv 
siiiiiigiaphy can he mote eonridonilv inicrprcled. 

The iiorihern .Spencer ()iiH\ South .AusiialiLi (Pi^. 
1 1, provides an exeellenl example of a wide, 
progradino voasi.il sequence in a mcsolidal 
environment with an ideiilifiahle /o?ialton iif 
llolocene coastal ileposiiiorial eiiviioniiiciUs A 
inimhcr of eoaslal suidies has h«.‘en ctindiicleil 
previously in ihi.s area (Pirman lOA.'S: Biime 10X2: 
Hnrno Si roKvell 10x2; Belperio c/ tfl. IOX4a,h, 
jOXS; ( iosiin c/ n/. 10X4. lOXX; NtuTish c/ i//. lOXh). 
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(n pariicLiliir, Burne (I0.S2) ideiuified .several 
imp<»tlanl palaeosea-level indiealois fiom hoach 
ridges, Ifie Lop of Ihc snblidal AVoA/o/i/V/ seagrass 
laeies and base of ihe inioriidal sandflai facies, and 
Belperio e/ al. 1 1 OX lb) demonsIruLed the presenee ol 
a well-dcfinoii honmlary between hrutioaia seagrass 
and inlerlidal sandllal faeies. Kelaled siraligraphic 
studies in nearby Gulf St Vincent incluile lltose by 
Caiin ik Goslin ( 10X5). Belperio cl al, (lOXb.. lOXX). 
and Belperio ( lOOT 1005) Al Pori Adelaide in Gull 
Si Vincent. Bel|)erio (1003) eiUifinnod that the 
boimdarv between Ihe inlerlidal sandllal and 
iiutngmve faeies was a lelialOo palaeosea-level 
indiealor. ITom all ihcsc studies, il is appareni lhal 
ihoro are local and regional ilifferences in the 
reliabilily anti vlistrihtilioii of vaiittiis soa-lovel 
indiealors. This paper provides a crilical appraisal td 
ihcdillercni palaettsea level tndicaiois In a mcsolidal 
environment 

The wide prograding sediinenlary .sequeilee ol Ihc 
noilhern .Spencer Gulf region, which lornis the apex 
of a large relalively shalfovv inveise (m negativel 
esiuarw is a direct re.sponse lo Ihe niotlern coastal 
eiiviroriMieni Warm temperatures and low minfall in 
the icgion promote high Julies ol evaporaiiitn and 
salmilies which are oflen higher ihaii average for 
seawaler. in excess id 40^{r and as iiuteh as 4X'>r 
(Bye lOSI; Nunes cV Lennon lOXb). Scavvalei 
lemperaiiues for the northern gulf vary lypieally 
between 12 and 24'’’ C (Nunes iV Lennon l0X(O. Thi- 
titles aiv mostly semi diurnal, with spring and neap 
lidal ranges al Poll Piric of .T5 m and 0.4 m. 
lespeetively. I^no lo the length of ihe gulf anti 
lelalively slovv mean sea-level osvillalions. wind 
.^llvss can liirthei meiease |)ie asKiulomical fide 
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Fig. i. Location diagram of the study area in the upper Spencer Gulf, South Australia, showing the Port Pirie coastal zone, 
sampling sites marked by infilled circles, the tide gauge and Broken Hill Associated Smelters (BHAS). 



M.A u:VLI IM>U ATOkS AT PORT PIRU 



si^Jiiiriaiinly. In Spencer Gull ami niiieh ul‘ Ihc 
soiilhern coaM ol Aiisiralia (Nunes & l.ennon l^)S()). 
there is a lai;ce li‘Jtil niiHluliilii>n ilne tu 

llie nearly equal lunar and sn|ar semuliurnal 
mnstiliienis lausiii^ a dnd^'e lide nnee every 
lomui’hl when li(il<‘ litlal varialion oeeiirs. S<‘hluier 
tf (d, have postulmevi (h<U this similar 

ainpliliKle ol Ihe iriajor semi diurnal lidal 
LonsLiluenls ^ivcs rise lo parlieulav shallow water 
lidal imeraetinns in llie uppei ^'iilT, which pruimac 
samphire and mauizrovL’ colonisaiion. 

rdven die pro^iadiim Inlal sce|Uencc and the close 
f)ro\iiinly ol a lidc ^auee wilh tchahle lon^-lemi 
iceorJs at Ron Oirie. rhis stiuly was iindei taken to 
ilciernnne the clcvaiions ol* coastal seJiniemury 
Voltes leliitive to ntodei'ii sea level and to identity 
iif»pioprialc moileiri scdinicnls as analogues ol 
MibMirlace Holocene sedimentary iacies. Ihis 
apj)M»ach provides an oppomniiiy lo idcniily the 
most reliable palaeosoa- level imheators in a 
inesittidid environment, and to develop a 
mclhodolo^y for snhsct.|Lient studies o) ivlalivc 
land/sea mmemems at sites w'herc hisiorii lidal data 
cMsi. The sindy is iiiiK|ue m that tl lu{jhlij;!lMs a 
number ol' sedimeniary Caeies, surveyed relative 
mt»(.lern sea leveL and (dent dies eiilieal ctjuivylcMt 
indiealoTs in the ^colo^iieal record. Il does not 
depend on one iiidicatoi in isidalioii. bin uses a sinie 
ol' sLibtidal i(> sLipralidal indicators to identify sea- 
level vhan;ce. 

Mel hulls 

h was necessary lo survey the moilern coastal 
ciiv iioiiiiiciUs in detail to eslahlisli elevation 
dilTeivnces of the litlal /ones relative lo local lidal 
daitiin. I his wasd(*ne usine holh lasei and aiiluinalie 
spill! levcilifu: insiiuniciiis Tlie liisi had an Cfioi (•! 
loss than I cm over 2(i() m, and mcasurcmenis vvere 
kepi lo w ithin -100 in 'i.e. ± 0.02 nO. L sine spirit 
levelling, Ihe dislance helwcen each reading v\ms less 
than 100 m, which generally kepi vertical 
measLiremeni croirs lu less itiiin ± O.Ol oi l.mO- 
b.isvd sites wiihm the sandllat, maiierove and 
sainphne /.uiics weie suiveyed to third -»ndei 
Au.'liahan lleiedil l)aUim (AIIP) benchmarks. The 
•"urwyinj^ was eonducled iiitvsily in Ihe Port Pirle 
tiviistal vicinity as well as Unthec to the norlheaM 
wnhin the TeKwvie Heaeli coastal ie*iion. in order lo 
aeees.v all <d lln! moilein tlay tidal selhiHis (Me. 1 ). 
Hk* pa'senl-day level.s of the scueras.s lIivI sumlfhu 
/ones .a f*orl I’irie weiv measured iVoin water levels 
relative to the P<»il Pine tide eaujjc. At Port Piiie, 
/vro tidal tIaUiiii (TIH i.s e<»nelalcd with (he lowest 
jisii>)nnniieal tide and relaLed In Alll.) nsinje a 
eoiTcc lion of l.bx; rn (surveyed I7.0.TI‘>X^ South 
\ii-.lialM lAnis Auiliiniiyi. Sea-level ludieiitors 



including soa^irass. shell and nuuoarow remains 
vv'ilhin and al the inp ul eaeli lidal /one were 
ideniijicd <ind recorded for laier comparistm wiih 
s u fi .s n rf aee ecj n i v a I e n I s . 

In ofiler to establish and sample the .subsurface 
stratigraphy, a total of thiny live sites was selected 
whihin the broad coastal flats of Port I^lric iPie. I ). A 
\ibroeorer was used to i»b(aui ciues miti iii 
diarneler and up lo 4 rn In deptli. All ol the v ibroeo^*ef^ 
W'cre eoireeteJ lot scdiiiieiil ciunpaetion by 
recording peneiniiion depth versus core recovery 
length and applying a cinivction laetoc lo Ihc 
thickness of ihc sednncnls. Coring pciipheml lo ami 
within mangrove woodlands was carried out using a 
peal anger. A hack-hoe was used to e.veavale 
sediments in the stiprntidid rogn>n, Using (his 
method, no correction lor sampling eoinpaelion wsts 
necessary. Surface and subsuiTaee elevations in land 
based et»res and exeusations were surveyed to AMI). 
VIjiHne based cmvs w^em sui Veycd lo TD and taken 
Wilhm a lew kiloineires of the tide gauge lo fedliee 
the effects of tidal lag and incTeorologiral conditions, 
Samples were lakim hack to the kihoraiiM v, whv-rerhe 
sedimeiils weie hogged with particular attention 
being given U) (he elevations of facies boLindarie.s and 
(he presence of sea- level iudiealors. 

Modem depu.sitioiutl fidul eiivirouiiieiitN ill 
the Port l*irie urea 

The coastal cnvii<>nment adjaecnl to P<ai Pule 
I Fig 2) is a tidally-doniinaied Imvland. SubtidnL 
inieriiclal and .^tipratidal /ones weiv distinguished by 
Ihe exieni *>f marine inniieiice or expostne an<l by 
their vegelalioii asseinhluges and sedimentary facies. 
Broad, .shallow snbtidal seagras.s meailows pass 
laterally sliorewatrd into iniemdal sandnais. 
mangrove woodlantls. sainphifc-algal mai.shos and 
siipiMtiiJal cvapoi iie flat environmenis. I his 
ussoeialion ol peiilidal environments and then 
Ncgeintion /ones has. to a large extent, controlled the 
siiccessive developmeiii ol the coastal plain aminul 
poll Pirie A schemaiic summaiy u|' ilic lidal ‘/ones, 
a.sNuciaied vegeiaiion and (lun‘r ri'la|ionshi(».s lo 
elevation or mundiiliiai levels is given ni I iguie .k 

Thr Mthlic/al ro/u' 

In the hruad. shalhiw-niai me enviioiiineni 
nofihwcsl (»r P(»rt Pnie imvnship. soagrass meadows 
composed largely of /Vrvu/on/u (W\n'ali\ grow fmm 
around mean low water spring (MI.VVS) tide level 
i/cro TU) lo Id m below I U (l ig.s .T 4) /'o.sfWomV/ 
can «mly siirvise limited peiiod.-» »d 
emergence so that, ai its nppci growth lirnih il i^ 
generally patchy ainl resiriued lo below 0.-3 m TIT 
Al ilepihs hi’low 4 m TU. '<hwtAn 

donnnales the seagiass assemliluge. leal 
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^llCalhs and rhiyonics arc rc.sisiani to decomposition* 
and scagrass llhrcs become incorporated into and 
bind sediments. A highly distinctive sedijiieni J’aeies 
re.sLilts. producing calcareous mud and sand bound 
by masses of pale cellulose fibre. High sediment 
production and the binding and bafiling action of 
seagrass contribute to the rapid acciiimilaiion of 
sedimcrils in this environment. 

The intenidni :.one 

The region extending from MIAVS tide lo mean 
high water spring (MHWS) tide is defined as the 
intertidal /one (Fig. 3). Thi.s /one is characterised by 
periodic emergence and iniindiilion during neap to 
spring high tides* At their most seaward boundary, 
broad sandflal.s have developed upon which some 



seagrasse.s can grow above MLWS. Hosidonia 
aiisindis struggles to survive and is replaced by 
Zosiera niuelleri Further shoreward, bare sand flats 
are dominanl. These sandilats are host to luinierous 
epjbenlhic organisms including the iiileitKlal 
molluscs Bu/iliaritf sp., Veneridae .sp., Teilina sp,, 
Clcmadiis sp., Anapella cycUukw and Kiitelysin 
Kcatarina or K. peronii and foraminifera that live on 
and beneath the sand Hal surl’ace. These organisms 
occasionally accuniiilaic in shallow tidal channels. 

Intertidal sand flats arc replaced by nuirigrove 
woodlands above 1.32 m TD, Only one species of 
mangrove, var. rcsinifem. has hecn 

recorded growing m South Australia (Butler ei al. 
1977; Gostin e( ai. 19S4; Cann Sl Gostin 1985) (Fig 
5). Around Port Pirie, mangroves have foiTticd dense 



Fig. 2. Aerial photograph of rhe Port Pine coastal /one. The subtidal and intertidal sandfiaLs have been colonised b\ 
seagrasses (seagrass meadows). Further in.shore* mangroves lomi dense woodlands along die coasial margin and grow 
along dendritic lidal channels. Samphire comnnmities occur more landward in the inteilidnl to supratidal /one. In the 
sLipralidal /one, the \egeUuion cover is sparse in between broad expanses ol saltpans. The photograph covers an urea 
uppnixi mutely 10 km x JO km. The aerial photograph us been reprodueeil vviih the permi.ssion of llie Deparimem I't' 
NuUiraJ Resources, South Australia, Mapkmd, telephone (OH) H226 4946. 
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ceimnumittes within clearly defined tidal limits 
While the lower limit of mangroves is close to mean 
sea level ( 1.73 m TD at Port Pirie), their actual lower 
limit, 1,32 m TD at Port Pirie, can be significantly 
different. Their distribution is controlled 
fundamentally by their root system sinee the 
vertically protruding piieumatophores require both 
exposure to air and Hushing of precipitated salts 
(Chapman 1975). A mangrove-algal association 
occurs at seaward levels of mangrove growth and 
along exposed tidal channels. Cyanobacterial mats 
also extend on to wide sand fiats and into samphire 
areas in intertidal and supiatidal zones. Numerous 
other organisms are associated with mangrove 



woodlands, including the small mud crab, Helice 
haswelliamis, which buiTows into the substrate and 
promotes oxidation of the upper sediments. 
Gastropods, bivalves, polyehactes, decapods and 
other crustaceans, foraminifera and diatoms also 
occupy this zone. 

Landward of the mangroves at elevations above 
2.6 ni TD, are broad, flat, gently undulating plains 
upon which samphire-algal communities grow (Fig. 
6). Sarcoconiia quinqueflonu SclerostegUi 
arhii.sciila, tialosarcia halocfwmoides and Snaeiki 
ciiistnilis are the main samphire comnuinities present 
in the Port Pirie environment, followed by minor 
occunences of Maireana opposUi folia and 
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Fig. 3. Present lidal and vegetation zonation along core transect relative to the Port Pirie tidal datum (TD) and Australian 
Height Datum (AHD). MLWS - mean low water spring tide, MSL - mean sea level: MHWS - mean high water spring tide 




Fig. 4. Shallowly submerged seagrass meadow ol FosUhmia 
niisUalis in the subtidal /one photographed during low 
tide. Width ol field approxirnalely 3 in. 




Fig. 5. Lamlward intertidal mangrove margin with intertidal 
,samphire communities. Only one species of mangnwe, 
Avicennia marina var. resinifera. grows in this southern 
temperate latitude. Dieback of mature trees along the 
landward margin can be observed, which generally 
indicates marine regression, The dead mangrove in left 
centre of the photograph is approximately 1.2 m tall. 
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Hctlnsfm fa nulica inward ihc siipialidal margin. 

/’//<• sufftvfidal ;,onr 

Ahuvc MIIWS lidc dcvalum (3.2 m 7*1)). ihc 
Mipraiidal /niic (Fig 3) is Hooded on only the lew 
oeeasams \shen eilher liigh or king iidcs eombine 
wiili storm surge aelivily, predoniin.intly tVoin ilic 
soulhvvesl, or dm mg and shorlly aller exlciided 
periods ol rainlall C’onsoniienlly. (his /one is 
donimaled hy cvaporalivc pi oeesses and I heir 
associated sediments In some ponded areas, algal 
M)ais aie well established and I'orm evanuhaeleria 
Hals. Although this region eonsisl.s mainly id Hare, 
poiirl) draining saline and gypsifer»ajs Hats. s«ime 
samphires and salllnishes survive (Fig. 7). Ol these, 
fHih)i'nvinoith*^, Atriphx pdlmlnsa. 
Hafn.sioi iu uulu'd and Aln/fUw \rMciuiu are most 
ahnndanl. VVilhm this /one, variations in elevation 
arc created hy aeolian dellaiion and lormathm ol 
gypsilerous dunes heiween remnant lidal channels. 




l-i'f. 1) liiu*iiiil;il s:mi()liire /.one including Snrrnrnrfiid 
iHtnujtuflnnL urhiisrnlu, Htilo.snnin 

huitn tu ntouh's wild Suaetki wf.slmli.w The riutrigrovc in 
die iigfil Inreginiiml is ;ij'(im.\iiiuiU*ly m Ingh and die 
.samphire hushes are up to .30 cm in heighi. 




I'lg. 7. Siipi.mdill saiiipliMC /one ini’liidiiig oec:iM()M;i| 

Hitfdsta'rm ifuliiil and /\uv/}/c.\ vtsti'iinu unJ huro 
c.vpanscN ol salltlai. The >.imphirc species are up to a)eni 
In lu-ighr 



Lunettes have also lormed on the leew, ud margins of 
sahkha flats or salt lakes. 

The di.slnhulion of coastal environments around 
Pori Pirie is shown in Figure S. Six distmeOse tidal 
/.ones lian.seeting Ihe eoasi have been idenlified. 
From seawall! to landward, those are; i) subtulal 
seagrass meadtiw's (not shown in ligure). ii) low 
inlerlidal bare or /o\7r/vy- covered sandflais. iii) 
iilterlidal mangrove wootllanils, iv) high intertidal 
samphire algal marshes, v) siipratidal eva[H>rutivc 
Hats, and m) supralidal and e.xlralitlal clay aiul 
gyp.^cous dimes and liinelies. Aerial phoiographii 
interprelation of Ihc mangrove woi>dland reveals tliai 
only mmiM eliaiige m its disirihulion is apparent for 
the last 40 years i>r so ( 10.^7-1003). Mangroves have 
prograded seaward inU> inlerlidal seagras.s/sanilllal 
areas on (fie norlhwesl peninsida of Ihe Pori Piric’ 
River, between First and Second Creek and along the 
margins of the Pori Pirie River itself. This is in 
contrast to rapid seaward niangrove colomsalion that 
has oeeiirretl at Port Gawicr ((.’arm Ac (ioslin I OSS) 
and landward colonisation in the Port Adelaide 
region (Hiirton I0S2: Helpeno 1003). 

K\ideiice of depo.siHonal tidal sediinenls 
in Ihc subsurface 

Much of the seilimemury stratigraphy at Port Pme 
represents aggiadalion and progradalion ol 
sedimenis in peril idal environments .since ihe near 
suibilisaiion and slight bill In sea level frmn 7,000 
yeais HP to presenl (Hclpcrio lOO.s). Holocene 
sediments .aid Pleistocene alluvial sediments o) the 
Pooiaka Formation underlie most of the area, 
forming an undulating boundary with Ihe overlying 
tidal seL|uencc. In some places, ihc upper sections ol 
Ihe Pooraka Formation show' L*viilence of being 
ahcjetl or gloved by marine poiew liters. The coastal 
seiliment.s record an upward ch,,mge in sediment 
facies that correspond.s wirh the haeial v hmige m the 
lidal /one.s. 

The siiblidal roshlvnin facies is llio most e.Uensivc 
Holocene lidal facies in the legion. Il consists of 
mostly grey, poorly sorted terrigenous and 
calcareous sandy mud. with numenuis Itbrcs of 
l*osi(/onia anslralis and fiagrncnlary molluscs (e.g 
Spisnlu sp., rhusinni'fld sp , (\tnfhtiriihis sp , 
fhfsifiiu sp. and Huulhnirt sp.) and fotaminiferu. Its 
thickness varies tVoni gieaicr than 4 m m the present 
sublidal /one but ihirrs inland underlying inteHidal 
anti supralidal sedirncnl.s \o between 0 and 2 m, 
depending on undulations in the surface t»f the 
underlying Pooraka Formation. I7ie landward cxleiil 
ol this faeics mdicalc.s that much of the prvseni 
coastal envii-onmeni was a shallow marine 
environment during the oiirly to mill Holocene 

I he intertidal sandllal facies is a grey to light grey. 
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pnurlv snricU, tcrri;[2L‘noiis iincl ciilcaivi)us shcllv 
muddy sand. Il occuiv cxicM^'ivoly inland buncadi 
miii h nl tlk' sindy aix a oaving dcvch^pcd in response 
lo LipvMud shoaling iho siihtidal SLsliinL*n|ary 
iMi\ ironiTJcnl. In niosi o| l|ic Poil Piric region, ihc 
niKTtidal sandHnl I’neies ih v»VL*rlain by samphire 
laeiL's. *rbis is in eonlrasL lo llie prcseni-iliiy lidul 
/uimlion vvherc n transilion I’rom sand rial lo 
mangrove svoodlaiid generally i»eeurs. 

The inleriidal mangrove I’aeics consists ol brown or 
blnisli grey, mostly iionciikaieous .sediments vmiIi 
tVaginenls ol’ roots, sheaths and (lines. Ii is largely 
rcslneletl lo llie prescnl tlay dislribiilion ol numgrove 
wooillands. i e proeratlalional tlevelojnnenl and 
pieseiviitt«m ol' siratu have been limiled and 
Avirt uniii fthirinii var. rcsitnfera woodlands appeal 

have deceit iped in ivlatlvely ivceni liins's, Where il 
IS undeveloped, modern mangii»ve rools penelrale 
into The inidei lying I’acies 

The sedimeiil laeies of the sainpimv Hat Joints u 
Ihin voiieer over eMcnsjve .areas ol’ saiuiriai facie!; of 
I he coastal platn. 1 1 eonsisls of pale brown le* liglil 



givy, th ien moll led ealeaienus and lorrigcntitis day 
rich tnuds with oeeusionul small gastropod.s. bivalvc^ 
and luraiiiinilera. Small plant fibres and thin tubular 
rools are apparent in some regions but absent in 
oilieis, depending *»n whether plant niatier was 
oitginally preseni ativlA'f preserved, (lypsuni u>iiteiU 
is variable, due largely m devalinn and evaporalion 
hlsioiy, with gypsaiximle <ltine sediments preset ved 
at the highest elevalions of the siipraiidal /one. ‘I'licie 
is little dislineiitin belwceil iiUeitidal and siipraiidal 
samphire sediment facies, and llie two are considercvl 
lo form a single unit. While panieiilai sampliire 
species can be idenlihed grow'ing in either (he 
inlet*! idal oi siipiatidul /.one, in the siibsKCfase. 
.samphire root Ids and remains eannol he iilenlilial lo 
species level. 

In ailditiiin to the sediment faeies above, several 
iniLiocnViiiMimeiUs m subtacies ocviir in the rcgi«»n 
that [lave eonicinpot.iiy arialoynes. In particular, 
tmekets of cyanopactci ial laeies arc eviileni 
tlnoLighoiil the intertidal to supiatulal /ones. 
VVheiVver cyanohaclciial mats ato present in the 
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Sr KIL DA FORMATION (UndiHsrentiated 
Holocene marine and coastal marine sectiment<?) 
Supraltdal ana extratidai emy and 
gvpsum dunos ond lunettes 

Supratidal tiats. Gypseous cl«y.s 

Stranded beam ridgos and coastal dunes 
ShellQfll. -<>tieily sand end lino sand 

Samphire-aigal marsh 
Coft>onaie anc terrigenous miidii 



• *. * 



Mangrove woodland. 

Organic, terrigenous mud 

Bare or Zo5/era-colonlsed low Intertidal sand 
or mud tiat Mi>ted shell end quartz muddy sand 

Organic/sh<5lly sand/rnud of mangrove 
woodland and samphire-algal marsh 

ABC Range Quartzite 
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iiUertidul or supraliclul /one there are active sites of 
sediment, aggradation, in the inieriidal xonc, storm 
ridge facies, or clieniers when developed over nuiddy- 
sediments, have been formed during periods of 
comlnned liigli or king tidc.s and storm cwnis. 
kidges are generally aligned parallel to (he shoivliiie. 
(3nly one siorni ridge is preserved in the vvesicm Pori 
Pjrie urea, allhough several others oeeur to ilie east. 
The iKHilicrly orientation of the coastline generally 
lacjtects the aiea Trom dtmiinani soiiihea.sleiiy stoini- 
ndge jorming events. 

I'alatMisea-lcvvI indicalors 

J he special signilieancc of the northern SpeiiciT 
Ciiilf is I hat the perilidal coastal succession coiilains 
a vvclbpieseived leeta'd of palaeosea-level change, 
riic sediments include various palaeosca-levcI 
indicalors that have been used, with appropriate 
elevation ttaiiR lo reconstruct pabicosca-lcvcis, 
Allliough prcsciil-day tidal cnviromncnls and 
equivalent sedimeni lacies may range o\ci 
sigiiificMni veitieal elcvaiions. the contact between 
each sediment facies is generally more fcs|rjcled. 
Siibsiiifaec lacics Conlacls can proviile relatively 
preci.se esli males of palaeosea levels given accurate 



surveying of die vertical exieni of present 
.sedimentary facies and ihoir coniaeis. Once the 
elevation range ol*a particular scdiineiUary contact is 
known, a height correction for tliai con lac i can be 
made relafive to ple.^cnl sea level. ‘1‘liis esiahlislies 
the elevation at the lime ofdeposiiion and indicates 
vvhetlicr sea level has subsequently risen or fallen. 

\Vc have c.stablished that, in the Port Piric area, the 
boundary between Posuhmia facies and overlying 
shelly intertidal sandllat lacics provides a palaeosea- 
level ilalnm corresponding u> an upper liinii of 0.25 
± 0.25 111 TD (Fig. 9). Consequently, the subsurface 
occurrence of distinctive, massed, filuous l*osi(l<mia 
facies in land-based sediments al elevations higher 
than 0 25 ± 0.25 m TD implies dial iclalivc sea level 
was previously higher than al present. 

In a similar fashion, the inieriidal sandflal facies 
generally occurs between 0.25 and 2 2 m 1*1) ivkilive 
lo preseni-day sea level. Hrnvever, u more precise 
|»aIacosca1cvcl c.slinialc is provided by the sharp 
contact between intcriidal samlflat facies and 
overlying mangrove facies that equates to 1 .32 ± 0.2 in 
11) (Fig. 9). Al Pori Pirio, die mangrove facies 
inosil) occurs dncctly beneath die present mangrove 
woodland, and coufidencc in using iis contact with 
the top t»f die sandllat lacies is greaiesi wheiv 




Tldnl 

Dalum{m) 



Contemporary 
Elevation 
(Tidal Datum m) 



Supratidal 
flat facies 



D-E contact 3.010.4 



Samphire-algal 

facies 

C-D contact 2.6 ± 0.4 

. B-D contact 2.210.5 

Mangrove 

facies 



B-C contact 1.32 ±0.2 



Intertidal 

sandflal 

facies 



A- B contact 0.2510.25 



Subtidai 

Posidonia 

facies 



General Description 
of sediment contacts 



Change from calcareous clay lo gypseous, 
clay-pellet, structureless sedirriont 



Change Irom organic, rooted, peaty clay 
to cream calcareous clay, laminated to 
weakly rooted 

Change from coarse shell sand or 
coquina to cream, calcareous clay 

Sharp change from coarse shell sand nt 
coquina to organic, rooted, peaty clay 



Sharp change from poorly sorted, fibrous, 
shelly sand and mud lo cleaner, belter 
sorted shelly sand 



I ly. M. Paliict»scit-]cvfl cuU’ii!! fiM iltu Purl v<‘*i‘^hil icpinit. 
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mussed ariiiJLjlJUcJ valves kA Anutftifti niluUtfr and 
KrUt'ivsIa M'lflLtrtatt ‘>f K. funinii aic picsciiU 
»V' "yffti pfoiorviition Whoro 

the iriuriiimve liitics js uhscnl, Ihc vunlacl ^efvvccn 
lliL* saiiiKlai and siiinptiTrc lucles is also sliuqi. 
allhoiigh iliL* prtSL*ni-(Jay hiainduiy heivvcen ihe 
iiUci tidal samllliit an»l samphire yone.s i..- nol well 
(k'liriftl in the imineUialc vicinity vd'I’oil I’liic Tiu 
uppiN limit »iC ihc vandllal facies willi simphiiv 
lacics occurs anaiiid 2.2.±.0.5 m Tl) thig. di, 

Whili- ihc pivsoni Pori f'irie tidal /ono.^ e\.liih»i a 
IninMtion from rnungiovc woodlands lo Miiil|diuc 
marshes ai 2.h ± U.4 ni 1*1). tins is nol cominonly 
^ilisci vvd ill the suhsiii-liicc sediments due d> the lack 
of |^^og^ada!lo|1al iicvetopmcnl of this strijlioraphic 
hoii/tui. Corisecpifiilly. Hie level at whieh the 
sampliia* facies occurs in the suhsiiiruec pmvulcs 
I wily an appn»\iiiiaie estimaie ol palacoscii-lcvcl 
iclaiivc lo it> prcscMl elcvuiion ranee of 2.1 lo 3d) in 
I lk Aliliougli diflerciil sainpliirc species aic el«*svly 
lelatcd Lo small elevanon e!iunee>. these are nol 
ohsci ved al the macro-level in ihc siihsurriicc. 

IiisnissHifi 

Several faeiors mnsi he adJie.sscJ \\tieii 
interpreting die evidence for palaeosea* level eliaiige 
from progriiihng pcriildal scLtnences In pui'iiciilai. 
the relationship \»f each indicator lo sCa level al llic 
lime of ils fonnalion musl he eslahlished. Al Pori 
Pirie. the suhsnrtacc presence ol ni s/m fihrnns 
renuiins of the scagiass PosiilnHta ausfnihs indicates 
that sca level was above ihi.s >iic at Uic time ol 
deposiliun. Hie iraiiSilioii hctVNeen /Vw/onm lacics 
and overlying inlerlidul sanilflai lacies Is a more 
poweifni indicator of palaeosea level, corresponding 
liV (1.25 ± 0-25 m proscnl iluy ID. Similurlv. 
mangroves grow w'llliin a fairly hroad ioienidal 
range, hnl Iheii eoniael wilh the inleiiidal saiidllat 
facies porvides a Jainm of 1.32 :?:0.2 m. Mangroves 
have previously been cited its one of llie more 
roliahio fixed, in \ttn palaeo.sea-levcl indicaiois 
(llopley dlL Thom ld,S5; Thom ^ Poy lOXTi. foi 
noilhcrn Spencer Onll, Bnrne ( I0K2) repturod a 
range in the elevation ol seaw'urd mangrove 
eoloinsalion from 1.5 'O 25) rn TD (-0.4 to 1.0 m 
AUDI and us previously mentioned we record a 
lovvci level ol mangrove e<»loinsaiion at 1.52 ±0.2 in 
TD- ricaiiy. the level ol seawartl colomsaiion of 
mangroves de]»eiids ]>nmaJily v»n li»ca) Cv»Usi<d 
dynamic.^ or coastal oncnialion, and will occur al a 
variely of elevulions relative lo llie tidal .spcelinm 
(Allen IW5i Iheretoiv, i( foMow's lhai the height of 
the coniati helvveen saiidllal and mangrove laeie.s 
wall also vary. Il is apparenl from llic differences m 
Hevalion ilmi (he Use of mungrovo.s u.s palaeosea- 
level iiidicaloiN can only bo applied li»cally. wliere 



presem-ilay elevalions of mangrove seaward grovvili 
arc well defined FIven in this case, llie 
pulacoeivvironmcni may have differed from die 
nn»dein environmenl, priuliicing dilTercMii tidal 
range.s and mangrove dislrihulioiis. 

1'fie boundary between sniidllal and citlier 
mangrove or sampliirc laeics has the putciilial to 
dellnc pa Uieo.seu* level, ptiuielilarlv .since iis eoniael 
in (he siil^suiTace is sharp. Howcvei, the eoininrlinm 
,ii Port Pirie is that while the prt-senl-dav /onalion 
from .sandllai lo niaiigmve wtuijlund is cxiensivc- 
d\is iniiisitioM is ooi c..isilv oKservod in die 
MJbsurlaee h’ardKTiiioa*. v^hile the presciu-duv 
transition helwceii .sandllai aiul samphire /.ones is nol 
well leprcsenied at Port Pirie. tins eoiilaet in 
snbsnifasv sediments is widespread, Near Port Pirie. 
dic prescnl elcvalivm ol the saiidllat/sainplme 
honndaiy is 2.2 ± 0.5 rn T|.), To the norilieusl al 
Telowie Beach, dns boundary occlii.s at 2.5 i m 
TTJ. a slighlly higher elevation than for Port Pine 
possibly due lo h>eal geoiviorpbic luelors and 
sedimentary (noccsses in (he lec of Wecfoona l.sland 
tPig. 1) Ihe clcvatimi of the top of the sutulflni 
varies depending on whcthci il is sueccedeil by 
iiiungixwes m sampliiie. Jluis, ulthoi.igh llic ciiniiK’ 
can he ii.sed as a delcrminani of se:i-le\el (.liarige. 
llierc is a wide range in its clevaiion. This pniblcin 
miiy be ininimised by eareliil (Icld stirveyiiig ol die 
local rcgiiMi, 

Beach ridges anvl the lop ol l\>.sUUmio scagrass 
deposits are relatively good indicators of palaeosea 
levels. However, us with mangroves, heacti ridge 
elevation data cannot he ii.scd on a regional basis since 
the devuiioiis to w'liieh such ridges arc consnueted are 
highly dependent on local wave regimes, In regard to 
.seagrass as u sea -level iiulicator, hhsninntti iw.smih^ 
present ly grows to 0.25 ni TD (-1 .(iS in A I ID) at Port 
Pirie. but elsewhere in northern Spencer Gnll, an 
elevulion of (i.I m ID (<-2 m AND) ha's been 
observed (Rurne PJS2) These Jilfercnces may be bcsl 
e.splaiiied by varying coastal orieiualion. wave regime 
and coasiai eirciilalion pallems. Aliliongli a h1u*ic- 
paiallel /iiiiation of sediments and vegetation is 
Lomiiion tlmuigluni! tlie norihcfn gulf, oaeli sodmieni 
and lloi’al Of lauiial comvnnnity, whether /V)^/^/on/f/ 
dominated scagrasscs. \mifn'lU\ <»i Katrhs'fa sp. 
bivalves, mangroves or halophylcs and .>allbn.slies. has 
a broad regionaJ r.uigc in elevatinri, lienee, ii is 
imperative lliai local clevaiion eikUlrols and local 
conditions be u.sed in a.s>es.<-ing sea-level data rathei 
than applying regional values. 

Given that the elevation range n( |id%i) lucles and 
.sea level indieaLors can vary, grcalci accuracy m 
jeconsiiuclion of palacosca-lcvol is <iehieved d 
seveial liilferenl iiulieau»rs arc used, bach indicator, 
either relational or fl.xcd. wall pr(»viJc evidence that 
cither siipporls or challenges indicators (rom otbei 




134 



E. .1. BARNETT, N. HARVEY, A. R BELPERIO & R. P. BOURMAN 



horizons. By using such un approach, some of the 
problems associated with tidal indicators, the 
elevations of which are influenced by local 
gcomorphic and climatic variations, may be reduced. 
This study indicates that a combination of palaeosea- 
level indicators from the top of the Posidoiiici facies 
and the contact between sandllat and either 
mangrove or samphire facies is the most reliable 
method for establishing sea-level change in the Port 
Pi l ie area. 

A further factor to consider in the reconstruction of 
palaeosea-levels is whether tectonic activity or 
siihsidence, due to sediment compaction, has 
occurred subsequent to deposition. There is little 
evidence of local tectonism in the northern Spencer 
Gulf during the Holocene, but rather, the region has 
been uplifted in response to isostatic adjustment of 
the Earth’s crust due to eustatic sca-level rise 
(Belperio 1995). The effects of sediment compaction 
in the region are less clear. While little compaction 
has most probably occurred in either the thin veneer 
of samphire facies or within the sandllat facies, it is 
feasible that the extensive, muddy, Posidonia facies 
has undergone some compaction. If this has 
occurred, it would affect elevation corrections 
relative to prc.sent sea level, acting to decrease the 
apparent height of former palaeosea-levels. 

Conclusions 

The tide-dominated coastal plain around Port Piric 
has resulted fiom .sediment aggradation, coastal 
progradation and relative sea-level regression 
associated with slight sea-level fall following 
stabilisation around 7,000 years BP, It consists 
predominantly of suhtidal Posidonia and intertidal 
sandllat facies. These facies occur throughout the 
coastal stratigraphy and underlie present-day 
intertidal mangrove and supratidal samphire zones. 

A lidal-vegetation-scdimcnt relationship exists for 
each of the Holocene facies deposited within the 
coastal zone, in the upper suhtidal zone, Posidonia 
australis dominates the seagrass community and 
binds the sediment. The intertidal zone is conipo.sed 
of bare or Zostera-covered sandllats that are replaced 
by Aviceimia marina var. resinifera toward the shore. 
Further landward in the intertidal to supratidal 
samphire zone, Halosarcia, Sarcocornia and 
Atriplex communities have become established in 
between sabkha-like, bare supratidal flats. 
Associated cyanobactcrial mats grow withiit 



mangrove, samphire and supratidal environments. 

For each sediment facies, biological palaeosea- 
level indicators are defined by their growth positions 
in relation to the tide. At Port Pirie, Posidonia 
australis represents the suhtidal environment from 
just above mean low water spring (MLWS) tide (0.25 
± 0.25 m TD) to depths greater than 4 m TD. In siln 
articulated shells such as A impel la cycladae and 
Katelysia scalarina or K. peronii are representative 
of the intertidal sandflat environment from 0.25 ± 
0.25 m to 1.32 ±0.5 ni TD, and mangrove facies 
represent deposition between 1.32 ± 0.2 and 2.6 ± 
0.4 m TD. 

Good precision in palaeosea-level interpretation 
can be obtained from peritidal sediments that reveal 
clear and consistent transitions and contacts from 
one facies to another. This study has established that 
the transition from Posidonia to sandllat facies and 
the sharp contact between sandllat and mangrove 
facies arc the best palaeosea-lcvcl indicators in this 
environment. The contact between the sandllat and 
samphire facies can also he used to e.stablish .sea- 
level change, although only in areas where its present 
elevation can be established. Dangers are apparent in 
the broader, regional use of facies boundaries due to 
the often patchy and variable development of 
different facies along the coast. 

The Li.se of tidally-dominatcd sediment contacts as 
palacosea-lcvel indicators depends primarily on an 
accurate determination of their present-day elevation 
ranges relative to tidal datum. Our research has 
demonstrated that in order best to define palaeosea- 
level, fieldwork must be carried out at the local scale 
and take into account coastal processes that have 
been operating over the long or short-term in the 
region. 
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